INTRODUCTION

Voltage regulation in Medium Voltage networks is approached in two main different ways: load-dependent (compounding) and load-independent regulation. In order to adopt a unified method for the utility Nuon, both have been compared. Because of its sensitivity to load patterns, cogeneration is a distortion factor for compounding. This is why there are different visions on whether or not compounding should be applied. The research covers the question whether compounding is effective with the current degree of cogeneration in the Dutch MV-grid. A couple of 50/10 kV transformers were modeled, as well as the outgoing MVfeeders. The behavior of each transformer was simulated both with load-independent regulation and compounding. Within the utility Nuon measurements of the load patterns (P and Q) from the transformers and the current of each feeder are available, as well as the maximum load of all low-voltage substations. Using this data and varying the compounding degree, load flow simulations on these networks
COMPOUNDING PRINCIPLE
Comparison of voltage profiles at each point of a MVnetwork with load-independent voltage regulation shows that large voltage variations take place at the end of a feeder depending on its load. The meaning of applying compounding is to distribute those variations along the feeder so that they get smaller. This happens by increasing the voltage on the busbar when the transformer is high loaded. In this way the voltage will depend on the load of the transformer. Figure 1 shows what happens in theory. In practice voltage losses in the transformer occur and the voltage at the busbar at high load will be lower than at low load. Then to get the effect from compounding it is necessary to apply a large degree of compounding (heavy compounding). In figure 2 a comparison between the theory and the practice is graphically represented. Definition of light or heavy compounding will be given below.
PROCEDURE
Within the utility Nuon measurements of the load (P and Q) from the transformers and the current of each feeder per 15 minutes are available, as well as the maximum load of all lowvoltage substations (see figure 3 ). A couple of substations with their underlying MV-feeders were modeled. They were chosen in such a way that all typical types of networks were represented: urban, rural, industrial, with total energy plants, with wind mills, etc. For each transformer data from the load patterns of two days in a year was used, a low loaded day and a high loaded day.
C C I I R R E E D D
Research shows that these profiles are representative for a whole year: weekends, working days, holidays, the different seasons, etc.
To determine the optimal tuning of the voltage regulation on the HV/MV transformer load flow simulations were performed on these networks. In these simulations two parameters related to the voltage regulation of the transformer were varied, namely the degree of compounding and the deadband. Both are defined as follows: Experiences show that heavy compounding causes many problems, especially when cogeneration is present in the grid.
Therefore heavy compounding has not been included in this study.
RESULTS
The voltage profile at the MV-busbar in each situation obtained from the load flow simulations are graphically represented in figures 5a, 5b en 5c. when not applying compounding. Additional improvement is achieved by reducing de deadband to 2%. A consequence of this reduction is an increase on the number of tap changes. This means in one hand more maintenance and in the other hand less probability of corrosion or "long term effect" of the tap changer. Nevertheless this does not represent a significant increment of the number of tap changes. In a power transformer thousands of tap changes occur in a year, meanwhile compounding in combination with reduction of the deadband causes barely hundreds of extra control actions. Because the extra tap changes occur mainly due to short load peaks, they may be compensated with the time delay mechanism of the controller.
The results of the simulations of the feeders were also analysed to determine the optimal tuning of the voltage control. A comparison between the voltage variations during the simulated period at each low-voltage substation shows smaller voltage variations when compounding is applied ( figure 6 ). This means fewer investments on voltage improvement in the MV-net and the LV-net. 0%   5%   10%   15%   20%   25%   30%   35% 1,0% 1,5% 2,0% 2,5% 3,0% 3,5% 4,0% 4,5% 5,0% 5,5% 6,0% 6,5% 7,0% 7,5% 8,0% 8,5% 9,0%
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voltage variation percentage of LV-substations no compounding light compounding, small deadband Another important issue related to voltage control is cogeneration, due to its character as a distortion factor for compounding. To determine whether or not compounding should be applied when cogeneration is present in the grid a statistical analysis of different load-patterns in the network has been performed. Calculated is the correlation factor between the load of each feeder and in their feeding HV/MV transformer. Various kinds of MV-networks where studied: with no cogeneration, with a little amount of wind mills and/or total energy plants and with a large penetration of cogeneration. The load pattern of each transformer was compared with the current pattern of their associated feeders.
The results of this analysis are given in figure 7.
The results of this analysis show that by a moderate degree of cogeneration light compounding does not give any problems, whereas by heavy compounding the problems are considerable. In those exceptional cases where the effect of compounding could be negative due to elevated cogeneration, it must be considered not to apply this kind of voltage regulation. However there are a couple of facts that reduces the amount of MS-substations that will signify a problem to merely three out of several hundreds. The subject of voltage regulation in networks with high penetration of cogeneration is part of a Dutch research project on intelligent networks performed by the technical universities in Eindhoven and Delft. A proposal for a solution is given in [1] .
CONCLUSIONS
Applying light compounding in the Dutch MV-grid results in a considerable improvement of the voltage profile on the network. It becomes smoother and presents fewer and smaller variations. In this way light compounding means saving costs related to investments on voltage improvement in the grid and can be applied on most of the Dutch MV-networks.
The small increase on the number of tap changes of the regulating mechanism as result of light compounding and a smaller deadband does not cause significant extra maintenance of the regulating mechanism.
Moderated cogeneration in combination with light compounding does not give any problems.
